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Kakoe aBumxeHune Ha3biBakoT
MexXaHN4YeCKUM?

« MexaHn4yeckmne KkonedbaHna — YacTHbIN
criydam MexaHU4eCcKoro ABMXeHMS.

« Kak nony4unTb Takoe gBUXeHue?
» Kak Ha30BEM TaKylo cCUCTEMY?



YuebHble npobriemMbl ypoka

KakoBbl BUabl kornebaHuin?

KakoBbl XapakTepHble 0COOEHHOCTH
KonebaTenbHOro ABMxXeHunsa?

[ 0e BO3MOXHbl KonedaHusa?

KakoBbl OCHOBHbIE KMHEeMaTun4eckme
XapaKTEPUCTUKN MEXAaHNYECKNX
KonebaHnn?

Kak 3anucartb ypaBHeHNe | 2
KornebdaTenbHOro ABMXEHUS, YTO %
pewmnTs O3K? <



OcobeHHOCTU KonebaHun

1. OrpaHun4yeHsbl B A —amnnutyaa

NPOCTPaHCTBE X - KoopauHara @ . -
_ 7L7' \
i

2. [NoBTOpPAIOTCA BO BpemeHn  T-nepuoa,

v- YyacTtoTa INE
3. HeorpaHu4yeHHbI BO t - Bpemsi ———
BpEMEHMU ;
(CBOBOOOHBLIE KONEDaHUA) 3

4. [1BMXeHNne HepaBHOMEPHO  VIsmeHeHus

KoopAuHaThl
CkopocTu S
Cwvnbil

Uapuk 6 nyHke

yCKOpeHMﬂ nepMOﬂMLII 11 LIS IJrJ\JI'I\JHM



dunsunyeckme xapakTepucTuKkn
KonebaTenbHOro ABMxeHunsd

Pusnveckn |0O0Oo3Ha- | XapakTtep dopmyna CBA3sb C
€ BeJIUYUNHLI | YeHue U3MeHeHus apyrmmu
BeJIMYMHAMMU

KoopauHaTa

CKOPOCTb
cuna

yCKOpeHue
nepuos
amnnutyna

4acCToTa

Linknnyecka
s 4acToTa



dunsnyeckme xapakTepuUCTUKK
Kone6aTeanoro NBUXEHUS
i
€ BeJINYNHLI | YeHue N3IMEeHeHUA APyrumumn
BeJINYHNHaAMMU

KoopaunHarta

CKOPOCTb v
cuna F
yCKopeHune a
nepwuoa T
YyacToTa f
AmMnnutyga

Linknnyecka w

A 4acCToTa



KofiebaHud
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A, amnnutyga — HambonbLuee
oTKNnoHeHwue ot NYP.

T, nepmon — BpemMs, B TeYEHME
KOTOPOro Teno coBepluaeT
OAHO KonebaHue,

@ - Ha4yanbHas asa



dusnyeckme xapakTepUCTUKK
KonebaTenbHOro ABUXEHUS

Pusnyeckn | OO6o03Ha- | Xapaktep dopmyna CBasb C
€ BeJINYUHbI | YeHue U3MeHeHuA apyrmmu

BeJfIMYNHaAMU
KoopauHaTa X nepuoanyeck
7
CKOPOCTb v nepuoanyeck
7
cuna F nepunoanyeck
7
YCKOpEeHue a nepuoanyeck
7
nepwuoa T HeM3MeHeH
amnnuityga A HensMeHHa
yacTtoTa f HEen3MeHHa
Linknnyecka w HEen3MeHHa

A 4acCTOoTa



Buabl konedaHnu

CBob6oaHbIe 3aTyxarowme
KonebaHust noa Kone6aHusi cucteMbl nog
NEefCTBMEM BHYTPEHHUX He/ICTENEM BHYTPEHHMX
CWM NPV BbIBEAEHWUM A
CUCTEMbI U3 paBHOBECHUS.

COnpoTUB ..
cull N
BbiHyXAEHHbI e SN
e < 5 g \\\ / Ny i S .

« KonebaHusa noa oencremem
BHELLHEN Mepuoanveckoun
CUNbI.




Buabl konedaHun

BbIHY*KAEHHble
(nop, pencreuem
BHELLUHEN CUnbl)

CsoboaHble 3aTyxatolime
(noeanbHble) GEELEHE))




KonebaTtenbHble cuctembl

* PU3nNYeCcKne CUCTEMbI, B KOTOPbIX
npouncxoasT Kone6aH|/|;| MAFITHI/IKI/I

! 4 \
rm
\ N & j Fv?
LapuK e nyHke Aeolnot
MagsmHuK
(XAOC!)
KamepmoH

* YKaxkute obuime npmsHakm CUCTEM.



Obwume npmnsHakm konebaTernbHbIX
CUCTEM

1. Hann4yume nonoXxeHusa ycTon4yneoro
paBHoBecud (['1YP) — Bo3HMKaeT
BO3BpaLllarLliaga cuna.

2. OTCyTCTBI/Ie CUJ1 COnpoTuBIiieEHNA OBUXEHUIO

(UM MM MOXHO NpeHebpeYb B AaHHbIX
YCINOBUSAX).




Moaenu konebaTtenbHbIX CUCTEM

MpYyXUHHBLIU MasMHUK

MaTemaTtunyecknm

MaATHUK
MaTepman bHaA TOYKa,

nogBeLleHHada Ha
HEBECOMOW U
HEpPaCTS>KUMOWU HUTH

MaTtepunanbHaga TouKa,
NpUKpenreHHas K
HeBeCOMOW yrpyrou
NpYy>XnHe



YpaBHeHUe
KonebaTtenbHOro ABMXEeHUS
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Y =R*cos @ e a=wt



dunsnyeckme xapakTepuCcTmkin
KoneobaTtenbHOro ABMXEeHUS

Pdusunyeckn |0O0Oo3Ha- | XapakTtep ¢dopmyna CBa3b C
€ BeJIMYMHbI | YeHue U3MeHeHus apyrmmu
BeNMMYnHamm
KoopguHaTa X nepuvognyeck R*sin wt
7
CKOPOCTb Y nepunoanyveck V*cos wt
7
cuna F nepuoanyeck -F*sin wt
7
yCKOpeHune a nepuoanyeck -(F/m)*sin wt
7
nepuog T HEen3MeHeH t/N
yacToTta f Hen3MeHHa N/t
Linknnyecka w HEen3MeHHa 211/T

A Y4acCToTa



5 epvoga oT Maccehl
Tena




MaTtemaTnyeckmm magaTHUK

F X_ &
a=— a=-g—=—=Xx
m T
F=-mgsma g
_:CO()
a__mgsin(x /
B m a=-wx
a=-—gsino
[
T=2m .| —

g



x = Acos(®,f + Q) - ypasHexue 2apMOHUHecKUX K01ebarull.

v=—Ad0,sin(0,t+0), a=—40;cos(®+0)=—0;x
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E=% mA’(of, - MOIHQAA IHEPIUA KOILOTOURLICA MOUKL
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O
Cucmema. Ilepuoo Luxa. vacmoma Ypasnernue
Mameyamusecruti va- | [T e JE 6+ &g =0
AMHUK. g / !
IIpyocurmsiiic MAsMHUN. N = i r+£x =0
g
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4 .X=20cos wt

3akpenneHne marepuana.

|{ £ C

TecT

1. '(paduk cmeLleHns

TOMKM NpefcTaBneHHa . .

PUCYHKE. 204 "

3aKoH OBMXeHna Tena m_\ {

UMEET BUA;: 1
1.Xx=0.2sin Wt 0 0B 3
2.x=20sin wt 10 - /
3.x=0.2cos Wt \,’

20 =
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2. 3aKkpenrneHne matepuana

 [py3unk coBepLuaeT
KonebaHunsa Ha
HUTW. Kak
HanpaBieH BEKTOP

YCKOPEHUS rpy3|/||<"
B Touke O7?

1.1
2.2
3.3

4.4



3akpenneHne
MaTepuarna

2. 3a KaKyro 4acTb
nepuopa T wapuk
MaTeMaTn4yecKoro
MasATHWKA NPOXoauT NyTb
OT JZIeBOro KpamHero
NOJI0XKeHUs A0 npaBoro
KpanHero nosrioXKeHwus.

1.T

2.T/2
3.T/4
4.T/8

3. Ecnn maccy rpysa
MaTeMaTn4ecKoro
MasiTHUKa yBENMNYNTL B 4
pa3sa, TO Nepuoa ero
MarbiX KonebaHun:

YBenunuuTtcs B 4 pasa
YBenunuuTcs B 2 pasa
YMeHbLINTCA B 4 pasa
He nsmeHunTcs

= » Db =



3akpenreHne marepuana

4. Ecnn onnHy
MaTeMaTU4eCcKoro
MasaATHUKA YMEHbLUUTb
B 4 pa3a, To nepuog T
ero cBO06OOHbIX
KonebdaHum

1. yBenn4yunuTca B 2 pasa

2. YBenn4mnTca B 4 pasa

3. YMeHbLUUTCH B 2 pasa

4. YMeHbLUNTCA B 4 pasa

5. BepHo yTBeEpXaeHue:

CB0OOOHBLIM ABNSAETCS
konebaHue

A. rpysa, nogBeLleHHOro K
Npy>XnHe, nocrie
OQHOKpAaTHOro ero
OTKNnoHeHunga ot IMYP.

b. MeMOpaHbI
POMKOroBOpPUTENS BO BPEMS
paboTbl NPUEMHUKA.

1. Tonbko A
2. Tonbko b
3. Anb



IKCMepUMEHTanbHble 3a0aHUS

Mpy>XNHHbIX MAasATHUK MaTtemaTnyecknm MasTHUK

1 3anyCcTtnTb MasgTHUK.

2. 1306pa3nTb TpaekToputo
OBUMXEHUA MadaTHUKA, B 3-X
TOYKax ykasaTb
HanpaBfeHne CKOPOCTU U
CUnbI.

4. Onpengenntb amnnnTyay
KonedbaHun.

5. Onpegenntb Nnepunosa
KonedbaHun.

6. CoenaTb BbiBOO 00
N3MEHEHUN XapaKTEPUCTUK
KonebaHusa n 3aBMCUMOCTU
nepuopga T.

1 3anyCTnTb MasgTHUK.

2. 1306pa3nTb TpaekToputo
OBWXEHUSA MadaTHUKA, B 3-X
TOYKax ykasaTb
HanpaBfeHne CKOPOCTU U
CUnbI.

4. Onpengenntb amnnmTyay
KonedbaHun.

5. OnpegennTtb Nnepunosa
KonebaHun.

6. Coenatb BbiBOO 00
N3MEHEHUN XapaKTEPUCTUK
KonebaHusa n 3aBMCUMOCTU
nepuopga T.




Uem oTnnyaroTca konedbaHna?




Uem oTnnyaroTcsa konedbaHmnsa?
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Jo
Ul 0.5
U2(t)
U3(t)
st 0
T4(t)
Us(t)

-0.5

ST

i}

fundamental sine wave and harmonics

5-10

0.001 0.0015

time (seconds)

0.002
2x1077,



Puc.

Puc.



[loaBegem ntoru

Koneb6aHus — 310 0CcOo0ObIV BUO ABWXXEHUH,
OonuUcbiBaeMbIi YPaBHEHNEM C UCMOSIb30BaHUEM
doyHKUUK sin nnum cos.

KonebaTtenbHble CUCTEMbI — 0COOble CUCTEeMbI
B3aMMOOEeUCTBYHOLLUX Ten.

CywecTtByeT 3 Buaa KonebaHuum.

Nepuoa n yactota Kone6aHuu 3aBUCAT OT
napamMeTpoB CUCTEMBI.

3Has cooTHoweHue F/x n A Bceraa MOXXHO
paccynTaTb XapaKkTepUCTUKUN KornedaHuu.

XapakTepucTuku KorebaHmmn Bcerga MOXHO
U3MepuUTb UNU onpeaenuTb No rpaduxy.



[lomaluHee 3agaHue

* §18-20.
« 3HaTb: onpeaenenusa n popmynbl

* YMETb: HAX0OUTb XapaKTepPUCTUKN
koniebaHnn

 Pewntb: Ne754, 757,
* OpOpMUTL NMNCTOK. | P 8
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